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Abstract 
This report describes a proof of concept for multi-rotor 
localised surveillance using a multi-spectral sensor for 
plant biosecurity applications. A literature review was 
conducted on previous applications using airborne multi-
spectral imaging for plant biosecurity purposes. A ready 
built platform was purchased and modified in order to fit 
and provide suitable clearance for a Tetracam Mini-MCA 
multispectral camera.  The appropriate risk management 
documents were developed allowing the platform and the 
multi-spectral camera to be tested extensively. However, 
due to technical difficulties with the platform the Mini-
MCA was not mounted to the platform. Once a suitable 
platform is developed, future extensions can be conducted 
into the suitability of the Mini-MCA for airborne 
surveillance of Australian crops. 
1. Introduction 
UAV for precision agriculture is now an active rea of 
research [1,2]. One of the challenges is integrating sensors 
and advanced path planning techniques [3-11]. Research on 
UAVS and multispectral and digital sensors for plat pet 
detection  is also rapidly  increasing  Francisco Garcia-Ruiz 
et al compared two aerial imaging platforms for 
identification of Huanglongbing-Infected citrus trees [12] 
Their results show that spectroscopy has proven to yield 
reliable results for early detection of HLB infection in citrus 
trees. Their data was taken using a Mini-MCA6 mounted 
onto a UAV that flew 100m above the orchard. Image 
resolution was 5.45cm/pixel. 2 sets of 6 spectral bands 
(filters) were selected which include: {530nm, 610nm, 
690nm, 740nm, 850nm and 900nm} and {440nm, 480nm, 
560nm, 660nm, 710nm and 810nm. A control board was 
added to trigger (through RS232 connection) the 
multispectral camera. They used waypoints and GPS 
positioning.  Images were stored in 8-bit RAW format and 
converted using PW2 to non-compressed 8-bit TIFF. 
Ground based indicators used for image alignment and 
calibration. Seven vegetation indices were calculated: 
normalised difference vegetation index (NDVI), green 
normalised difference vegetation index (GNDVI), soil 
adjusted vegetation index (SAVI), near infrared (NIR) – red 
(R), R/NIR, green (G)/R and NIR/R. Grayscale images 
representing reflectance at three spectral bands in infrared 
(900nm), red (690nm) and green (530nm) were used for 
computing the vegetation. Remote sensing of vegetation 
from UAV platforms using lightweight multispectral and 
Thermal Imaging Sensors was detailed in [13] Their results 
show two UAVs (fixed and rotary wing) installed with the 
Mini-MCA6 and a thermal camera. Radiometric calibration 
and atmospheric correction: A uniform light source 
consisting on a 50cm integrating sphere was used to 
calibrate the Mini-MCA to radiance. In order to convert the 
radiance images to reflectance, the SMARTS irradiance 
model was used to simulate ground surface irradiance. A sun 
photometer was used to retrieve aerosol optical depth at 6 
different wavelength and total water content, which were the 
inputs to the irradiance model. The authors  used a Bouguet 
method for geometric calibration of cameras and a filter 
array: 490nm, 530nm, 550nm, 570nm, 670nm, 700nm, 
750nm and 800nm. Thermal and narrowband multispectral 
remote sensing for vegetation monitoring from an 
Unmanned Aerial Vehicle was reviewed in [14]. The 
following filter array used: 490nm, 550nm, 670nm, 700nm, 
750nm, 800nm. They also used Bouguet method for 
geometric calibration of cameras and dark and light levelled 
ground for camera calibration. The authors calculated PRI 
water stress, NDVI and chlorophyll content for analysis. A 
comprehensive review of Advanced Techniques for 
Detecting Plant Diseases is discussed in [15] the paper gives 
brief overviews on various techniques used for disease 
detection applications and suggests wavelengths for 
particular diseases. 
Visible-near infrared spectroscopy based citrus greening 
detection combined with an evaluation of spectral feature 
extraction techniques was discussed in [16]. The authors 
suggest extraction of spectral features is an effort to lower 
the cost of the optical sensor while maintaining their 
performance. Spectral reflectance bands and (ii) vegetation 
indices (VIs) were derived from 350–2,500 nm spectral 
reflectance data using two feature extraction methods: 
stepwise discriminant analysis and stepwise regression 
analysis.  In [17] the authors performed laboratory and field 
experiments to determine how effectively spectral analysis 
between 400 to 2000nm could differentiate between weeds 
and crops. In the visible light range, specific crops could be 
identified against weeds. Suarez et al [18] uses PRI and 
542nm, 571nm, 659nm, 689nm, 718nm, 804nm filters, the 
aerial data acquired was at 1000m AGL at a resolution of 
2m.The paper described and created an application specific 
model for the impact of stresses on olive trees. 
2. TetraCam Mini-MCA 
This project evaluated the cameras capabilities with the 
intention of fitting the Mini-MCA to an autonomous 
platform. The Mini-MCA consists of six imaging channels, 
each with a camera and dedicated 2GB Compact Flash (CF) 
card fitted with a band-pass spectrometer filter.  
Table 1 provides an overview of the main features and 
physical dimensions of  the Mini-MCA. 
 
Table 1 - Mini-MCA6 Features 
Number of Channels: 6 – 5 filtered, 1 ILS 
Storage: 6 CF cards 
Optical Range Visible & NIR 
Resolution 1280 px × 1024 px 
Focal Length 9.6 mm 
Length: 117 mm 
Width: 68 mm 
Height: 87 mm 
Weight: 0.780 kg 
The filters included with the Mini-MCA are defined in 
Table 2. The master channel synchronises all captures with 
slave channels and logs start-up time, capture events, and 
external GPS data. This data can be useful to determine 
image locations by interpolating from logged data. 
Table 2 - Filter Characteristics of the Mini-MCA6 
Channel Filter (nm) Exposure Adj. 
1 (master) 550 70 
2 ILS 200 
3 660 100 
4 690 100 
5 720 100 
6 810 100 
As can be in Table 2, channel 2 has an Incident Light Sensor 
(ILS) installed. This piece of equipment records the down-
welling radiation, which calibrates images taken at different 
times or different conditions in order for comparison during 
analysis. 
Each channel saves data in one of three image formats. 
Table 3 outlines the features and limitations of each format. 
Table 3 - Image Format Information 
Format Approx. Size (MB) 
Images Per 
Channel 
Cycle Time 
(sec) 
RAW 8 1.3 1530 1.5 
RAW 
10 2.6 770 3 
DCM 
10 0.9 2220 6 
Table 4 shows the calculated values from the field of view 
calculator within PixelWrench2 (the included software) for 
field of view and ground resolution with varying altitude. 
Table 4 - Height vs Mini-MCA6 Resolution and FOV [19]  
Altitude (m 
AGL) 
Ground Resolution 
(mm/pixel) 
FOV (width x 
height, in metres) 
122 66 84 x 67 
213.4 116 148 x 118 
365.8 198 254 x 203 
915 496 635 x 508 
 
 
3. The Grasshopper Platform 
An ArduCopter 3DR Hexa-C Ready-to-Fly (Hexa-C) was 
purchased by the faculty with the intention of being a 
flexible platform to be used with this project and other 
future multi-rotor projects. The physical dimensions of the 
Hexa-C are outlined in Table 5. 
Table 5 - Hexa-C Physical Dimensions 
Length: 735 mm 
Width: 820 mm 
Height: 250 mm 
Motors: 6 × AC2830-358 (850Kv) 
Propellers: 6 × APC 10x4.7  
(10” diameter) 
Arducopter autopilot allows various flight modes including 
loiter and autonomous waypoint navigation modes. The 
main objective of the Grasshopper Platform was to verify 
autonomous waypoint navigation in preparation of 
multispectral imaging of crops. 
The stock Hexa-C required modifications in order to fit the 
Mini-MCA with enough clearance. These modifications 
included extended legs and a customised mounting bracket.  
The extended legs and customised mounting brackets were 
designed in SolidWorks. The models can be seen in Figure 1. 
  
Figure 1 - Custom Bracket and Extended Leg Designs 
The modified parts were test fitted in SolidWorks to the 
airframe to ensure sufficient clearance for the Mini-MCA 
was achieved, as shown in Figure 2. 
 
Figure 2 - The Grasshopper Platform Modifications 
In order to power the Mini-MCA in flight, all onboard 
electrical systems needed to be defined. Figure 3 shows the 
system architecture developed to illustrate the interfaces 
within the system.  
 
Figure 3 - System Architecture 
As shown, the power for the Mini-MCA was spliced from 
the Power Distribution Board and a harness was developed 
as shown in Figure 4. 
 
Figure 4 - Power interface cable 
The mass budget including the modifications is outlined in 
Table 6. This table also highlights the margin achieved once 
fully developed. 
Table 6 - Mass Budget Calculations 
Item Weight (grams) 
Empty weight 1356 
Batteries (4S 5000mAh) 534 
Mini-MCA 780 
Modifications (net) 110 
Total Weight 2780 
Maximum Take-off weight 3100 
Margin 319 
The total cost of developing the Grasshopper including 
modifications, and additional batteries can be seen in Table 
7. 
Table 7 - Financial Budget 
Stock Hexa-C: A$ 1450 
Modifications: A$ 100 
Batteries: A$ 300 
Total: A$ 1850 
 
4. Platform Testing 
Preliminary testing was carried out on the Mini-MCA and 
the Grasshopper to verify basic functionality.  
Hand held testing of the Mini-MCA was completed at the 
Department of Agriculture, Fisheries and Forestry (DAFF) 
facilities. 
The Grasshopper was extensively tested over six field days 
in an attempt to establish a reliable platform. However, 
technical difficulties were encountered during the final 
testing days and could not be rectified in the remaining 
project time frame. 
5. Preliminary Testing 
Mini-MCA 
The Mini-MCA bench testing consisted of two bench tests 
that verified the basic functionality of the multi-spectral 
camera. The first bench test explored the step up procedures 
of the camera and the basic functionality of the control box 
accessory. The second bench test captured images using the 
factory settings and explored the PixelWench2 software. 
The following set of images was taken at the same time 
instant and demonstrates how each filter highlights different 
aspects of the same target area.  
 Figure 5 : Test data captured using Mini-MCA (channels, 
wavelength and bandwidth labelled) 
The Grasshopper 
The Grasshopper bench testing consisted of two bench tests. 
The first bench tested verified the onboard systems, ensuring 
motors, propellers and R/C controls were performing as 
expected.  
The second bench test verified the flight time of the platform 
with and without a payload. This testing was completed at 
ARCAA indoor facilities. 
6. Field Testing 
Mini-MCA 
The Mini-MCA was field tested at DAFF facilities on 
Australian Oat crop. The crop had been infected with rust 
disease. The Mini-MCA was successful in highlighting the 
affected areas (white spots) as shown in Figure 6. 
 
Figure 6 - Infected Oat Crop 
 
The Grasshopper 
During the flight testing, all flight logs were saved and 
subsequently investigated to illustrate the performance of 
the platform. 
The flowing graphs show the performance of the lowest 
level control available on the ArduCopter autopilot, 
‘Stabilise’. This mode allows the autopilot to provide basic 
stabilisations to the platform as multi-rotors are naturally 
unstable. 
 
Figure 7 - Stabilise "throttle" performance 
As Figure 7 shows, the commanded climb or descent rate on 
the ‘throttle’ R/C control was achieved with no significant 
delay. 
Figure 7 compares the yaw rate commanded with the 
achieved yaw rate. As shown, the ‘yaw’ control appears to 
suffer slight delays on some occasions; this is mostly likely 
attributed to wind interference. These delays were 
insignificant during manual “R/C” flight.  
 
Figure 8 - Stabilise "yaw" performance 
 Figure 9 - Stabilise "roll" performance 
The measurement of the ‘roll’ (Figure 9) and ‘pitch’ (Figure 
10) performance were most impacted by additional noise 
such as gusty wind.  
 
Figure 10 - Stabilise "pitch" performance 
Although noisy, the graphs clearly illustrate the control 
performing as expected with a commanded change in lateral 
or longitudinal direction on the R/C ‘pitch’ and ‘roll’ control 
being achieved by an appropriate change in velocity. 
The next mode to be studied using the flight logs was 
‘loiter’ mode. This mode operates as an extra layer of 
control to the ‘stabilise’ mode, commanding changes in rates 
to hold the set position in all 3 dimensions. The following 
graphs illustrate the ‘loiter’ capability of the platform after 
the PID tuning was performed, over 30 seconds. 
Figure 11 illustrates the position of the airframe over 30 
seconds following the loiter point being set (at [0, 0, 0]). It is 
noted that the platform remained well within a 1m cubed 
volume of space centred on the set point.  
 
Figure 11 - Loiter "3D" performance 
Splitting the 3D plot into each dimension demonstrates the 
positional hold on each axis. Figure 12 shows the axis with 
the largest deviation of 30cm. This was caused by a gust of 
predominantly northerly wind. 
Figure 13 indicates some fluctuation in the East West axis 
up to 20cm. A large part of this fluctuation can be associated 
with the accuracy available using GPS and ‘chip-based’ 
inertial sensors.  
 
 
Figure 12 - Loiter "N/S" performance 
 Figure 13 - Loiter "E/W" performance 
 
Figure 14 - Loiter "Altitude" performance 
As shown in Figure 14, PID tuning of the altitude hold loop 
was largely successful. Over the 30 second test, the airframe 
lost 10cm in altitude. 
Lastly, ‘auto’ mode was tested which involved loading a 
flight plan consisting of waypoints and commands. These 
waypoints are utilised similarly to the set point in ‘loiter’ 
mode. 
Figure 15 shows the platforms ability to track the planned 
flight path in 3D. Minor deviations from the flight plan can 
be seen.  
 
Figure 15 - Auto "3D" performance 
To further investigate the divergence, the performance was 
separated into components as shown in the following 
figures. 
 
Figure 16 - Auto "Latitudinal" performance 
Both the lateral and longitudinal performance of ‘auto’ 
mode tracked well as seen in Figure 16 and Figure 17. 
The ‘auto’ mode analysis was performed using older 
firmware and prior to the PID tuning of the altitude hold 
control loop. Evidence of this is shown in Figure 18.  
 
 
Figure 17 - Auto "Longitudinal" performance 
 
Figure 18  - Auto "Altitude" performance 
While wind played some part of the error present, the PID 
controller also may contributed to the error. As the ‘loiter’ 
altitude graph shows, the error in altitude appears to have 
been significantly reduced. 
7. Conclusion and future work 
The contents of this technical report  define the original 
scope of the project and demonstrate how the scope of this 
research based project has evolved over the lifetime. The 
project was successful in verifying the capabilities of the 
Mini-MCA and identified the capabilities and shortcomings 
of the Grasshopper through extensive testing of both 
systems. 
Unfortunately, it was unsafe to integrate the Mini-MCA 
with the Grasshopper at this stage in the project. This is due 
to the unreliable performance of autonomous functions with 
the dummy payload. Initial field testing demonstrated 
autonomous capability without payload however, sensor 
issues arose in the last test days. The cause of the sensor 
issues remains unclear and these issues could not be 
rectified within the time constraints. 
Future work  could address the issues with the sensors and a 
final conclusion can be made about the suitability of the 
platform for use with the Mini-MCA. At this stage, it is 
concluded that the Grasshopper is not sufficiently developed 
for safe integration.  
Once the Mini-MCA is mounted with a suitable airframe, 
future extensions for the project could include but are not 
limited to the following: 
Plant Biosecurity: conduct flights over diseased and non-
diseased crops and healthy and deficient crops. This would 
demonstrate the Mini-MCAs ability to identify and 
potentially classify crop disease and identify deficiencies in 
crops. The main crop of interest would be Australian crops 
such as oat, wheat and sugar cane. 
Forced Landing: potential to participate in ARCAA’s 
current study into autonomous forced landing applications. 
The Mini-MCA may be used for classification of forced 
landing sites depending on their surface type. 
Platform Modelling: further flight testing and log analysis 
could be used to build a suitable model of the airframe for 
use in flight simulations.  
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